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Lentinan, 1152 Dalton f-D-glucan found in Shiitake Mushroom (Lentinus edodes), has been claimed to have anticancer and
immunomodulatory activity. Several extraction methods have been used by researchers to isolate Lentinan including hot water and
alkaline solution (1.25 M NaOH). In this study, hot water and alkaline solution (1.25 M NaOH) were used to extract the Lentinan-like
B-D-glucan (1151 Dalton) from Tiger’s Milk Mushroom, Termite Mushroom, and selected local market mushrooms. The isolated
Lentinan-like $-D-glucan from both hot water and alkaline solution was analyzed by LCMS-QTOEF. Commercial Lentinan standard
from Lentinus edodes was used as a reference. The results showed significant differences on chromatogram patterns of Lentinan-
like 8-D-glucan between both extracts. The peak of Lentinan-like 3-D-glucan was only found in isolated polysaccharide glucan of
hot water extracts. The isolated polysaccharide glucans from Tiger’s Milk Mushroom and Termite Mushroom were found to have
0.74+0.12 ug/mg and 0.53+0.07 ug/mg Lentinan-like 3-D-glucan. Button Mushroom, Shiitake Mushroom, and Oyster Mushroom
showed the presence of Lentinan-like 3-D-glucan at 16.16 + 4.15 ug/mg, 0.22 + 0.04, and 0.10 + 0.01 yg/mg, respectively.

1. Introduction

Information on Tiger’s Milk Mushroom and Termite Mush-
room is still scanty and poor. Tiger's Milk Mushroom
(Lignosus rhinocerus) has been found by Forest Research
Institute of Malaysia (FRIM) as the most important medicinal
mushroom used by the native [1]. This mushroom has been
claimed to have therapeutic effects such as in treating cough,
asthma, cancer, food poisoning, and as a general tonic [2].
While Termite Mushroom (Termitomyces heimii) is a wild
seasonal mushroom that grows symbiotically with termite
especially in rainy season. This mushroom was claimed to
have very delicious taste and has extensively been used as
human food [3]. It also has been used to treat lower blood
pressure, rheumatism, kwashiorkor, obesity, and diarrhea [4].

A lot of potential bioactive compounds that are very use-
ful for therapeutic purposes have been found in mushrooms
including polysaccharides, polysaccharide peptide (protein
complexes), proteoglycans, proteins, and triterpenoids [5-7].
B-D-glucan, a derivative of polysaccharide found in mush-
room, has been recognized as a biological response modifier
(BRM) since it possesses potent immune modulatory and
anticancer activities [8, 9]. The compound also has ability to
improve human resistance against bacteria and viruses [10].

Lentinan is one of the most active 1,3/1,6-f-D-glucans
found in Shiitake Mushroom (Lentinus edodes) that possesses
immune modulator and anticancer activities. It is a branched-
type 3-D-glucan with molecular weight of 1152 Dalton [10, 11].
Lentinan has been widely used as an alternative medicine for
potent anticancer and antiviral treatments and also has been
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FIGURE 1: Determination of total 8-D-glucan content in mushrooms.

consumed as dietary supplements [8, 12]. Hot water, alkaline
solution, and polyethylene glycol were types of solvents that
have been used in the isolation of Lentinan from mushrooms
[12].

In this study, the isolation of Lentinan-like 5-D-glucan
from Tiger’s Milk Mushroom (Lignosus rhinocerus), Ter-
mite Mushroom (Termitomyces heimii), and selected local
market mushrooms, namely, Button Mushroom (Agaricus
bisporus), Shiitake Mushroom (Lentinus edodes), and Oyster
Mushroom (Pleurotus ostreatus), has been done by using hot
water and alkaline solution (1.25M NaOH). The Lentinan-
like 5-D-glucan content was analyzed through mass spec-
trometry approach by using Liquid Chromatography Mass
Spectrometry-Quadrupole Time of Flight (LCMS-QTOE).

2. Materials and Methods

2.1. Chemicals. Lentinan standard of Lentinus edodes was
purchased from CarboMer Incorporation. Megazyme
reagent kit was purchased from Merck. HPLC grade solvents
were purchased from Fisher Scientific.

2.2. Plant Materials. Tiger's Milk Mushroom (Lignosus
rhinoceros) and Termite Mushroom (Termitomyces heimii)
were collected from Pahang and Negeri Sembilan, respec-
tively. Button Mushroom (Agaricus bisporus), Shiitake Mush-
room (Lentinus edodes), and Oyster Mushroom (Pleurotus
ostreatus) were obtained from Selangor Hypermarket.

2.3. Samples Preparation. All the collected mushrooms were
cleaned under running tap water. The cap area was cut into
small pieces and oven-dried at 40°C. The dried samples were
homogenized with Cyclone Mill and kept at —20°C until
further use.

2.4. Determination of Total B-D-Glucan Content. [3-D-
Glucan content was detected by measuring the total polysac-
charide glucan and a-D-glucan content as per Megazyme
assay method (Figure 1). 100 mg of dried powder fruit body of
each sample was heated in 1.5 mL of concentrated hydrochlo-
ricacid (37%; 10 N) at 30°C for 45 minutes. 10 mL of water was
added and the mixture was boiled at 100°C for 2 hours. 10 mL
of 2M potassium hydroxide was added once the mixture
cooled, followed by addition of 0.2 M sodium acetate buffer
(pH 5.0) up to 100 mL. The solution was centrifuged at 1,500 g
for 10 minutes. 0.1 mL of the supernatant was taken out and
heated with 0.1mL of highly purified enzyme A (exo-1,3-f3-
glucanase + f3-glucosidase) at 40°C for 60 minutes to obtain
the total polysaccharide glucan. In separated process, «-D-
glucan was extracted by soaking the mushroom fruit body for
20 minutes in 2 mL KOH (2 N) located in ice water bath. 8 mL
of 1.2 M sodium acetate buffer (pH 3.8) and 0.2 mL of Enzyme
B (amyloglucosidase + invertase) were added immediately
and incubated at 40°C for 30 minutes. The solution was
centrifuged at 1500 g for 10 minutes. 0.l mL of supernatant
was mixed into 0.1 mL of sodium acetate buffer (200 mM, pH
5.0) to obtain a-D-glucan.
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FIGURE 2: Isolation of polysaccharide glucan (Lentinan-like 3-D-glucan) by hot water and alkaline solution (1.25 M NaOH).
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2.5. Determination of Lentinan-Like 3-D-Glucan

2.5.1. Isolation of Polysaccharide Glucan. Polysaccharide glu-
can was isolated by hot water and alkaline solution (1.25 M
Sodium hydroxide), respectively (Figure 2). 300 mg of dried
fruit body powder was extracted twice with 10 mL of distilled
water at 100°C for one hour. Separately, the same amount
of dried fruit body powder was extracted twice with 10 mL
of 1.25M NaOH at 60°C for one hour. Alkaline extract was
then neutralized by hydrochloric acid (HCI). Both hot water
and alkaline extracts were centrifuged at 10,000 rpm for 15
minutes. The supernatants from both extracts were dialyzed
against distilled water in shaking condition for overnight to
remove low molecular weight substances. Two volumes of
absolute ethanol were added to the hot water and alkaline
extracts. Both extracts were left overnight at 4°C for complete
precipitation. The solid fractions known as polysaccharide
glucan were collected by centrifugation at 10000 rpm for

15 minutes and oven-dried at 60°C. The weight of dried
polysaccharide glucan was recorded.

2.5.2. LCMS-QTOF Analysis of Lentinan-Like [3-D-Glucan

Sample Preparation. 5mg of isolated polysaccharide glucan
from hot water and alkaline extracts was dissolved with
0.5mL and 1.0mL of distilled water, respectively, for four
hours at 90°C. The solutions were centrifuged at 13,000 rpm
for 10 minutes. The supernatants were filtered through
0.45 um syringe filter into separated HPLC vials.

Determination of Lentinan-Like [-D-Glucans. Analysis was
performed by using an Agilent 1200 series Rapid Resolution
Liquid Chromatography (RRLC) equipped with autosampler
and diode array detection (DAD) system. An Agilent 6530
Accurate Mass QTOF was used to obtain the MS and
MS/MS data. The mobile phases used were highly purified
water + 0.1% formic acid (A) and acetonitrile+0.1% formic
acid (B). Column used was 4.6 mm x 100 mm Thermo-
Carbon column. The flow rate was set up at 0.6 mL/min
with 22 minutes total run time. The column temperature
was at 40°C. The prepared samples were placed into the
LCMS autosampler. The injection volume of sample was
10 uL. The samples were run at gradient 5% B (0—0.5 min);
30% B (0.5-13 min); and 95% B (13-22.0 min). Analysis was
performed in negative ion mode with the following settings:-
capillary voltage: 3500 V; nozzle voltage: 1000 V; fragmentor
voltage: 175 V; nebulizer pressure (N,): 35psi; drying gas:
5L/min at 350°C, and sheath gas: 11 L/min at 350°C. The mass
range was at 110-2000 m/z.

Lentinan standard was prepared at 1 mg/mL by dissolving
in distilled water at 90°C for 4 hours. Fragmentation pattern
of molecular mass, elution time, and molecular weight of
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FIGURE 3: Composition of a-D-glucan and S-D-glucan contents
(% w/w) in Tigers Milk, Termite, Button, Shiitake and Oyster
Mushrooms.

the Lentinan standard were used to analyze the presence
of targeted compound. The profile patterns of total ion
chromatogram (TIC) and the extracted ion chromatogram
(EIC) of the extracts were recorded. A standard calibration
curve of Lentinan was built to determine the Lentinan-like
B-D-glucan content in the 5 types of mushrooms.

3. Results and Discussion

3.1. Determination of Total [3-D-Glucan Content. The con-
centration of 3-D-glucan in Tiger’s Milk Mushroom (Ligno-
sus rhinoceros), Termite Mushroom (Termitomyces heimii),
Button Mushroom (Agaricus bisporus), Shiitake Mushroom
(Lentinus edodes), and Oyster Mushroom (Pleurotus ostrea-
tus) was determined by using UV-Visible Spectrophotometer.
Figure 3 showed the results of total 3-D-glucan contents (%
w/w) in the five selected mushrooms:

Total 3-D-glucan (%)

Total pol haride gl — total v-D-gl
_ Total polysaccharide glucan - totala-D-glucan _ o

)

From the graph, it is shown that more than 50% of total
polysaccharide glucan content in the mushroom fruit bodies
was comprised of 5-D-glucan. Oyster Mushroom showed the
highest 8-D-glucan content with 41.357% w/w as compared to
other four mushrooms, followed by Tiger’s Milk Mushroom
and Shiitake Mushroom with 33.950% w/w and 24.183% w/w
B-D-glucan, respectively. Termite Mushroom was found to
have 21.167% w/w [3-D-glucan. Button Mushroom showed the
least 3-D-glucan content with 6.077% w/w.

Total polysaccharide glucan

3.2. LC-QTOF Analysis of Lentinan-Like [3-D-Glucan. As
shown in Figure 4, more yield of isolated polysaccharide
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FIGURE 4: Dry weight of isolated polysaccharide glucan (% w/w) in
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hot water and alkaline solution (1.25 M NaOH).

glucan is obtained through 1.25M NaOH as compared to
the hot water extract. Hot water extraction is the normal
procedure in the isolation of polysaccharide glucan. However,
alkaline solution has been determined to have ability in
improving the isolation yields of the compound [12-14]. The
ratio of polysaccharide glucan in alkaline extract to the hot
water extract was 14:1 for Tiger’s Milk Mushroom, 11: 4 for
Termite Mushroom, 16:6 for Oyster Mushroom, 13:8 for
Shiitake Mushroom, and 5: 0.4 for Button Mushroom.

LQMS-TOF was used to detect the presence of Lentinan-
like B-D-glucan in the hot water and alkaline extracts. A
commercial Lentinan standard isolated from Lentinus edodes
was used in this analysis. The data of molecular weight,
retention time, and fragmentation pattern of the Lentinan
standard obtained by negative mode MSMS were used as
reference (Figure 5).

The results of total ion chromatogram (TIC) of polysac-
charide glucan isolated by hot water and alkaline solution
were totally different (Figure 6). From the extracted ion chro-
matogram (EIC) data of hot water extract there was a peak
eluted at minutes 9. Molecular weight analysis on that peak
exposed the presence of 1152 Dalton of -D-glucan (Figure 7).
Comparison of the fragmentation patterns between Lentinan
standard (Figure 5) and the 1152 Dalton 3-D-glucan (which is
not shown here) showed that the Lentinan-like 3-D-glucan
brought the same ion fragments as Lentinan of Lentinus
edodes. These suggested the presence of Lentinan-like f-
D-glucan in all the five mushrooms. However, the alkaline
solution extract expressed no peak eluted at that specific time.
This was due to the structure alteration of 3-D-glucan as
well as Lentinan in alkaline solution as -D-glucan structure
could undergo conformational change when dissolved in
different solvents [7, 12].

3.3. Determination of Lentinan-Like [3-D-Glucan Content.
The concentrations of Lentinan-like B-D-glucan in the
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TaBLE 1: Concentration of Lentinan-like S-D-glucan from hot water extracts of Tiger’s Milk Mushroom, Termite Mushroom, Button

Mushroom, Shiitake Mushroom, and Oyster Mushroom.

Types of mushrooms

Total isolated polysaccharide glucan
(mg) in 300 mg sample

Concentration of Lentinan-like 3-D-glucan (ug/mg)

Per 1 mg of isolated Per 1 mg of fruit

polysaccharide glucan body
Tiger’s Milk Mushroom (L. rhinocerus) 2.87 + 0.45 0.74 +0.12 0.01 + 0.00
Termite Mushroom (T. heimii) 14.07 +2.75 0.53 +0.07 0.02 +0.00
Button Mushroom (A. bisporus) 1.10 + 0.30 16.16 + 4.15 0.06 + 0.00
Shiitake Mushroom (L. edodes) 24.73 +4.77 0.22 +£0.04 0.02 + 0.00
Opyster Mushroom (P, ostreatus) 18.90 + 2.40 0.10 +0.01 0.01 +0.00

isolated polysaccharide glucan of hot water extracts were
determined by using Lentinan standard calibration curve.
As shown in Table 1, the isolated polysaccharide glucan of
Tiger’s Milk Mushroom and Termite Mushroom was found
to have 0.74 + 0.12 yug/mg and 0.53 + 0.07 ug/mg Tiger’s
Milk Mushroom and Termite Mushroom, respectively. While

Button Mushroom contained the highest Lentinan-like f3-
D-glucan (16.16 + 4.15 ug/mg) among the five mushrooms,
Shiitake Mushroom and Oyster Mushroom showed 0.22 +
0.04 ug/mg and 0.10 + 0.01 ug/mg Lentinan-like 3-D-glucan,
respectively. By taking into account the total amount of
dried isolated polysaccharide glucan obtained (as reported in
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FIGURE 7: Determination of Lentinan-like 3-D-glucan (1151 Da) in isolated polysaccharide glucan of hot water extract of 5 mushrooms (a)
Tiger’s Milk Mushroom; (b) Termite Mushroom; (c) Button Mushroom; (d) Shiitake Mushroom; (e) Oyster Mushroom.

Figure 1), the Lentinan-like 8-D-glucan content in the whole
fruit body of Tiger’s Milk Mushroom and Termite Mushroom
was 0.01 + 0.00 and 0.02 + 0.00 pg/mg, respectively. Button
Mushroom was found to have 0.06 + 0.00 ug/mg Lentinan-
like B-D-glucan in its fruit body. The fruit bodies of Shiitake
Mushroom and Oyster Mushroom showed 0.22 +0.04 ug/mg
and 0.10 £ 0.01 ug/mg Lentinan-like 3-D-glucan.

4. Conclusion

Mushroom f-D-glucan has been targeted as an important
medicinal agent as it exposes immune modulator and anti-
cancer properties. It has been widely used as alternative
medicine and dietary supplement for years. Isolation of this

compound by different solutions could affect the yield of the
isolated 3-D-glucan extract and also its conformational state.
Alkaline solution has improved the extract yield of isolated [3-
D-glucan as compared to the hot water. Nevertheless, it also
led to the changes in retention time of the compound as the
alteration of conformational state has been occurred. These
concluded that different solvents may not only affect the yield
of isolated 3-D-glucan but also its general structure which
might divert their retention time.
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